SUMMARY: Comparative studies have been conducted with two strains of Acetobacter acetigenum (NCIB 8132, NCIB 5346), one strain of A . xylinum var. africanum (NCIB 7029) and a total of 26 celluloseless mutants obtained from these three parent cultures. In addition to the loss of ability to produce a cellulose pellicle, other consistent differences were also observed between the parent and the mutant cultures. Whereas the parent cultures oxidized ethanol to acetic acid this reaction was not observed with mutant organisms. The mutants showed (1) optimum growth in alkaline media, (2) growth in glucose yeast-extract medium in the presence of 10-12 % (v/v) ethanol, (3) proteolytic activity, (4) growth at 4 0 ' . and ( 5 ) growth in yeast-extract medium; these abilities were not shown by the wild-type cultures. Variations in colony form, nutritional requirements, the ability to produce acid from certain sugars and to oxidize glycerol appeared to occur at random among the mutant cultures.
R. Steel and T . K . Walker outlined by Conn (1949). Glucose yeast-extract (GYE) medium (pH 7.0)
contained glucose 3 yo (w/v) and Difco yeast-extract 0.5 yo (w/v) in distilled water; for solid media, agar (2 yo, w/v) was added. Malt wort medium was prepared by the method of Tosic & Walker (1946) . The parent cultures were kept in malt wort medium since certain cultures lost their ability to produce a cellulose pellicle when grown continuously in GYE medium (Steel & Walker, 1957) . The mutant organisms were stored on GYE medium because certain of these cultures failed to grow in malt wort medium (see later). With the exceptions mentioned later, media were sterilized in 8 ml. amounts in 18 x 155 mm. test tubes for 10 min. at 15 lb./sq.in. pressure; inoculations were made by wire loop from 48 hr. cultures in GYE medium and incubation was at 30' unless otherwise stated. 
1957).
Frateur's tests. The ' Oxydogramme' tests recommended by Frateur (1950) for the classification of Acetobacter species were followed. Briefly, washed organisms (washed pellicles in the cases of the parent cultures) obtained from 48 hr. GYE cultures were incubated on the surface of sterile agar media containing the desired substrate (2%, w/v or v/v, for solids and liquids, respectively). Acid production from ethanol and from glucose was detected by the dissolution of calcium carbonate (2%, w/v) present in the medium. Subsequent oxidation of the acetic acid produced from ethanol was shown by the reprecipitation of calcium carbonate on further incubation. Oxidation of calcium lactate to acetate is shown by the formation of a clear zone surrounding the added bacteria. The oxidation of glycerol to dihydroxyacetone was observed by the precipitation of copper oxide when the plates were flooded with Fehling's solution. Catalase was detected by the evolution of oxygen when Petri dishes containing the desired culture (GYE medium) were flooded with 2 yo (v/v) (w/v) . Each tube of medium contained an inverted Durham tube to test for gas production. The cultures were examined daily for 8 days.
Optimum pH range for growth. Growth was assessed after 3 days' incubation in GYE medium at initial pH values ranging from 4.0 to 9.0 in increments of 0-5 pH units. Also, growth curves of certain mutant cultures (initial pH 7.0) were obtained by measurement of the turbidity with a nephelometer.
Tolerance to ethanol. These tests were made in GYE medium containing from aseptically to sterile GYE medium. Growth at 40". After inoculation into GYE medium, the cultures were incubated at 40" for 5 days.
Growth in milk. A sample of skim milk (pH 6.5) was sterilized with free steam for 30 min. on 3 consecutive days before inoculation with the test organisms ; incubation was for 14 days.
Liquefaction of gelatin.
The test medium was gelatin (12 yo, w/v) +yeast extract (Difco, 0.5 yo, w/v) in distilled water. Organisms from GYE agar slant cultures (4 days) were used as inoculum; incubation was at room temperature (c. 18") for 4 weeks.
Production of ammonia and hydrogen sulphide. The growth medium (pH 7.0) was Evans's peptone (2 %, w/v) +yeast extract (Difco, 0.5 %, w/v) in distilled water. After 3 days of incubation the cultures were boiled in the presence of litmus paper to detect ammonia; hydrogen sulphide was detected by the method of Morse & Weaver (see Conn, 1949 
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RESULTS
During the present work no marked differences were found between the different species of wild-type organisms examined; in fact, there was as much variability in properties between the two different strains examined as there was between the two different species (see Table 4 ). Also, the mutant organisms obtained from the different strains and species of wild-type cultures were indistinguishable. For these reasons the results are presented collectively, On GYE agar medium colonies of organisms NCIB 8132, NCIB 5346 and NCIB 7029 were punctiform, 1 mm. or less in diameter, pale brown in colour, convex, with a smooth semi-matt to shiny surface, regular edge, and tough consistency; the whole colony lifted off the agar when touched with a needle; the colonies appeared on the plates after 3-5 days of incubation (Pl. 1, fig. 1 ). At 24 hr. colonies of all mutant cultures were 2-4 mm. in diameter, white, circular, flat, with a diffuse edge, butyrous consistency, smooth and semi-matt surface showing lighter and darker areas (Pl. 1, fig. 2 ). At 48 hr. the colony form of 21 of the 26 cultures had changed to that shown in P1. 1, fig. 3 , which afforded the following description: colonies 3-5 mm. in diameter, circular, white to cream-coloured, raised, regular edge, smooth and glistening surface, butyrous consistency. Three of these mutant cultures sometimes showed a different colony form after 4-6 days of incubation (Pl. 1, fig. 4 ). The five remaining cultures gave colonies at 48 hr. which were 2-5 mm. in diameter, white, circular, convex, with a semi-matt surface and butyrous consistency; secondary colonies were produced by two of these cultures after 5-7 days' incubation (Pl. 1, figs. 5, 6). Yellow pigmentation was produced by one mutant culture, and three others showed an area in the centre of the colony suggestive of autolysis. Both of these latter characteristics only appeared in old cultures (10-14 days) and were variable.
Morphology, size, staining reaction and motility. Vegetative organisms of parent and mutant cultures were Gram-negative motile rods when cultivated for 24 hr. a t 30" in GYE medium; involution forms were also present in most cultures. All isolates examined were aerobic. The majority of mutant organisms were within the range 0.4-0.8 p. wide x 0.6-2.0 p. long when stained with methylene blue. Spore formation was not observed with any of the isolates studied. Capsule formation was observed with the parent cultures when grown for 24 hr. in GYE liquid medium, whereas only some of the mutant isolates produced a capsule when grown under these conditions. When grown for 24 hr. on GYE agar medium, all mutants showed capsules.
Growth in GYE medium. Growth in GYE medium was similar to that described previously (Steel & Walker, 1957) . Briefly, parent cultures produced a surface pellicle of cellulose within 48 hr. incubation and the medium under the pellicle remained virtually clear; in contrast, the mutants grew diffusely throughout the medium within 24 hr. of incubation and did not produce a cellulose pellicle. Two of the mutant cultures generally showed abundant 'rope' formation. Growth curves of 9 out of 11 mutant isolates examined on GYE medium were of the diauxic type (Monod, 1947 Comparative studies of Acetobacter spp.
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Growth in malt wort medium. Of 7 mutant isolates tested, 3 did not grow in malt wort medium; the 3 parent cultures grew well.
Growth on G Y E agar slopes. At 3-5 days of incubation, growth of the parent cultures was of the beaded type. At 24 hr. of incubation growth of mutant cultures was moderate, white, filiform, glistening and butyrous. Differences in growth type between the various mutant isolates were very slight. After prolonged incubation (10 days) eleven of the mutant isolates produced a yellow pigment ; this, however, was a variable property.
Frateur's tests. A summary of the results obtained by using the tests recommended by Frateur (1950) is given in Table 2 . All parent and mutant isolates produced catalase but did not oxidize calcium lactate. The parent cultures oxidized ethanol, acetate, glycerol (ketogenic activity) and glucose. I n contrast, the mutant isolates showed no evidence of acid production from ethanol or glucose, while ketogenic activity was shown only by certain of these cultures. To obtain a positive reaction in the latter test it was necessary to incubate mutant organisms with substrate for 24-48 hr. before adding Fehling's solution; the recommended incubation period (Frateur, 1950) of 1-2 hr. gave positive results with parent cultures only. The positive reactions given by the majority of the mutant isolates were very weak in comparison with those given by the parent cultures. In other experiments with a Warburg respirometer (Umbreit, Burris & Stauffer, 1945) , suspensions of two mutant isolates examined showed no oxygen uptake.with ethanol as substrate whereas oxygen consumption with glucose was quite rapid. 
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Nutritional studies. A summary of these findings is given in Table 3 . The parent cultures grew in glucose+salts medium and at a faster rate when vitamins were added ; however, they did not grow in the Casamino acids + salts medium. The nutritional requirements were variable among the mutant isolates; 16 of 21 isolates showed either poor or moderate growth in glucose +salts medium and, in general, the same isolates showed a similar amount of growth when vitamins were added. Casamino acids + salts medium supported the growth of 17 of 21 mutant cultures, but the addition of glucose to this medium did not appreciably affect the amount of growth obtained. Only one mutant isolate did not grow in the medium containing all components; this culture grew moderately well in GYE medium. Production of acid and gas from sugars. It may be noted from the results ( Table 4 ) that acid was produced from more sugars by the mutant than by the parent cultures; however, acid was not produced by all of the mutant cultures from any one sugar. Lactose was the only sugar from which acid was not produced by any mutant. It is noteworthy that certain mutant isolates which had given a negative result by Frateur's method ( Table 2) produced acid from glucose by this method of test. Gas production was not observed. Comparative studies of Acetobacter spp.
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Additional experiments. The results of other experiments (Table 5 ) revealed that, unlike the parent cultures, the mutants (1) showed optimum growth at alkaline pH values, (2) tolerated 10-12 yo (v/v) ethanol, (3) liquefied gelatin, (4) grew at 40", and ( 5 ) grew in yeast-extract medium; in addition, most of the mutant isolates peptonized milk or produced ammonia. None of these abilities were shown by the parent cultures. Furthermore, none of the isolates tested (parent or mutant) produced hydrogen sulphide or indole or reduced nitrate. The adequacy of these test procedures was confirmed by using an organism which gave positive reactions under the conditions of test.
DISCUSSION
That the mutant isolates studied differ from the parent cultures in several respects is clear (Tables 2-5) . Some of the differences observed between the parent and the mutant cultures were common to all parent and mutant isolates examined. For example, unlike the parent cultures, the mutants did not oxidize ethanol to acetic acid, showed optimum growth at alkaline pH values, were able to tolerate high concentrations of ethanol, liquefied gelatin, grew at 40" and grew in yeast extract medium, In contrast to these associated changes, the differences observed in colony types (secondary colonies), nutritional requirements, oxidation of certain sugars and glycerol, probably represented independent changes since they occurred at random among the mutant cultures. It is also possible that some of the observed differences in nutritional requirements arose from an imbalance of amino acids supplied (cf. Gladstone,
1939).
In contrast with the results of Frateur (1950) is the fact that the oxidation of calcium lactate by the parent cultures was not demonstrated in the present work.
The failure to oxidize ethanol to acetic acid would appear to exclude the mutants as belonging to the genus Acetobacter (Bergey's Manual, 1948). Moreover, proteolytic activity is not found among members of this genus (Frateur, 1950) . Apart from minor differences, the mutant organisms bear a resemblance to the description given for Pseudomonas geniculata in Bergey's Manual of Determinative Bacteriology. Our attempts to isolate, from samples of raw vinegar, bacteria which exhibit properties similar to those shown by the mutant organisms have been unsuccessful (results not given in the text). (Received 8 April 1957)
